Tissue engineering (TE) and regenerative medicine are progressively developed areas due to many novel tissue replacements and implementation strategies. Increasing knowledge involving the fabrication of biomaterials with advanced physicochemical and biological characteristics, successful isolation and preparation of stem cells, incorporation of growth and differentiation factors, and biomimetic environments gives us a unique opportunity to develop various types of scaffolds for TE. The current strategies for soft tissue reconstitution or regeneration highlight the importance of novel regenerative therapies in cases of significant soft tissue loss and in cases of congenital defects, disease, trauma and ageing. Various types of biomaterials and scaffolds have been tested for soft tissue regeneration. The synthetic types of materials have gained great attention due to high versatility, tunability and easy functionalization for better biocompatibility. This article reviews the current materials that are usually the most used for the fabrication of scaffolds for soft TE; in addition, the types of scaffolds together with examples of their applications for the regenerative purposes of soft tissue, as well as their major physicochemical characteristics regarding the increased applicability of these materials in medicine, are reviewed.
Introduction
In the 1990s, Langer and Vacanti first defined the term "tissue engineering" (TE) (Langer and Vacanti 1993) . TE combines the fields of cell biology, biomaterial engineering and medicine to produce new functional tissues. The three main components that are required for the reconstitution or regeneration of damaged or diseased tissue are as follows: i) harvested cells from donor tissue; ii) biomaterial scaffolds, which support cell attachment, proliferation and/or differentiation, as well as possess sufficient physicochemical properties; and iii) chemical signals, such as cytokines and growth factors. The scaffolds play a major role in TE strategies. Three-dimensional (3D) scaffolds have been usually used to provide a structurally stable environment for tissue regeneration. A scaffold serves as an artificial extracellular matrix (ECM). A native ECM is a 3D network whose composition and structure interact with the cells and provide structural support, transfer mechanical forces and allow the transport of chemical signals.
Scaffold materials can be based on natural or synthetic polymers. They can be degradable or non-degradable, depending on the specific use. Natural polymers were among the first biodegradable scaffolds, which were clinically used for TE purposes (Dhandayuthapani et al. 2011) , preferentially due to their better overall interaction with various cell types and lack of an immune response (Nair 2007) . Synthetic polymers are largely studied and applied for TE. They were discovered to be cheaper and more easily functionalized than natural polymers, despite the potential for immune response or cytotoxicity depending on the used polymer materials and synthetic processes, which can include toxic substances. These types of polymers are highly useful in biomedical fields for their properties e.g. porosity, degradation time and mechanical characteristics. Desired properties can be tailored for specific applications. They can be produced under controlled conditions and in large uniform quantities. They exhibit predictable, reproducible, mechanical and physical properties such as strength, elastic modulus, and degradation rate. The synthetic polymer scaffolds are widely combined with natural polymers, naturally isolated proteins or peptides to improve, for example, hydrophobicity, cell attachment and biodegradability.
Materials for TE should have mechanical properties suitable for reconstructing or replacing damaged tissues. Moreover, the materials must be biocompatible, meaning that they are non-cytotoxic, do not cause excessive immune responses, must be capable of mimicking ECM, and provide an optimal support for cell adhesion and proliferation, facilitating cell-to-cell contact and cell migration. The materials should further be majorly bioabsorbable over the appropriate time frame, being necessary for replacement by growing tissue, and the materials must be adaptable to scaffold manufacturing techniques.
Soft TE has been developed as an advanced strategy to repair damage in soft tissue or diseased soft tissues in the case when the natural ability of the body to repair small or moderate sized tissue damage has failed, and the process of reparation remains the real problem. Soft tissue covers a variety of tissues, such as skin, tendon, muscle, cartilage, nerves, fascia, intervertebral disc or blood vessels. These tissues often have supporting or connecting functions of the body structures and organs. Frequently in everyday life, soft tissue damage caused by congenital defects, disease, trauma and ageing often leads to non-self-healable defects (Xu et al. 2014) . Autologous implantation is the first method of treating the defects or disease. Unfortunately, it has been shown that autologous tissue can be easily absorbed, and only up to 60 % of soft tissue cells remain viable (Bauer-Kreisel et al. 2010) . In this view, the TE has been used to develop new biological substitutes to overcome barriers of current clinical treatments for repairing and regenerating damaged or diseased of soft tissues and organs.
This review is focused on providing an overview of the synthetic biomaterials used for scaffold fabrication for soft tissue reparation, the classification of the most prevalent type of scaffolds, their important physicochemical characterizations in regard to soft tissue engineering applications, and examples of experimental and clinical applications.
Physicochemical characteristics of scaffolds
Scaffolds serve as an active instrument to provide guidance for the formation of new tissue. Through known physicochemical properties and biological functions of damaged tissue, the scaffolds should be fabricated. The required characteristics are as follows:
1) External geometry, which influences interconnectivity 2) Porosity and pore size 3) Mechanical properties 4) Degradation properties 5) Biocompatibility and susceptibility to hosting cells Surface properties such as surface area, charge, and chemical modification
External geometry
Scaffolds should mimic a natural ECM in damaged tissue in such a way as to provide structural support and tensile strength, offer an attachment site or cell surface receptors that later influence tissue formation, and finally initiate regeneration. The scaffolds are prepared from nano-to macro-scale structural geometry. In the geometry of scaffolds, the maintenance of highly interconnected porous fabrics of high surface density has to be addressed. This maintenance can favor the better infiltration of cells, growth and regenerative components of the scaffold.
Porosity and pore size
Porosity is one of the major factors for the appropriate ingrowth of cells and vascularisation. Pore size, pore distribution, pore volume, pore interconnectivity, pore shape, and pore wall roughness have to be addressed during the design of the scaffold. These pore properties are crucial for the growth of new tissues and their reorganization, which includes building up the cellular network and interconnected pathways for nutrient transportation, cell signalling and proliferation. The optimum pore sizes for neovascularization were demonstrated experimentally and were 5 µm (Brauker et al. 1995) , 5-15 µm for fibroblast ingrowth (Klawitter and Hulbert 1971) , 20 µm for hepatocyte ingrowth (Yang et al. 2001) , or 20-125 µm for regeneration of adult mammalian skin (Whang et al. 1999) . It is also crucial to ensure the cells are approximately 200 µm from the blood supply to provide sufficient oxygen and nutrient transfer (Yang et al. 2001) . In addition to appropriate porosity, the mechanical strength of the scaffolds has to be retained.
Mechanical properties
The biostability of many scaffolds relies on factors such as strength, elasticity, and absorption at the material interface and given the chemical degradation of the material. These properties have to encourage the regeneration of the tissue. The biomaterial scaffold should also temporarily resist and conduct the loads and stresses that the new tissue can ultimately bear. It is important to evaluate rheological parameters, such as i) elastic modulus -measured strain in response to a given compressive stress along the force; ii) flexural modulusmeasured relationship between a bending stress and the resulting strain; iii) tensile strength -maximum stress that the material can withstand before it breaks; and iv) maximum strain -ductility of a material or total stein exhibited prior to fracture. The reparation tissue requires different mechanical conditions, based on the natural properties of the appropriate tissue. These are crucial for mimicking using biomaterial scaffolds. Wegst and Ashby (2004) published the diagrams of diversity of mechanical properties necessary for mimicking the natural tissues and materials. The major factors affecting the mechanical properties and structural integrity of the scaffolds are altered by various pore volumes, sizes, shapes, orientations and connectivity. The elasticity of the scaffold matrix play also crucial role with very strong effects on the cell morphology, transcript profiles, marker proteins, and the stability of cell responses. (Engler et al. 2006 , Buxboim et al. 2010 .
Degradation rate
Scaffold degradation can occur through physical or chemical processes and/or biological processes that are mediated by biomolecules such as enzymes. Biodegradation of polymeric materials involves cleavage of hydrolytically or enzymatically sensitive bonds in a polymer. The degradation rate of a polymer depends mainly on the properties of the polymer, including the chemical structure, the presence of hydrolytically unstable bonds, the level of hydrophilicity or hydrophobicity, crystalline or amorphous morphology, the copolymer ratio or the molecular weight (Ye et al. 1997 ). The biodegradable scaffold degrades by predetermined periods of time to be replaced by newly developed tissue. During the degradation, the polymeric scaffolds breakdown the internal structure and thus reduce the molecular mass. The non-biodegradable polymer scaffolds stay biologically stable and can provide permanent support in the patients; e.g. poly(methylmethakrylate) (PMMA) is usually used as bone cement in hip or knee replacements (Ramakrishna et al. 2001) .
Biocompatibility
Biocompatibility in general means that the material should result in beneficial cellular or tissue response and finally optimize the clinically relevant performance of the therapy, without creation of any undesirable local or systemic effects in the recipient. The biocompatibility of a scaffold for TE refers to the ability to be a matrix that will support cellular activity, including the facilitation of molecular and mechanical signalling systems. Some important factors in view of scaffold biocompatibility are chemistry, structure and morphology. Polymers such as polylactide (PLA), polyglycolide (PGA), poly-(l-lactide-co-glycolide) PLGA, or polycaprolactone (PCL) belong among the recently studied and used biocompatible polymers. The behaviour of the cells -e.g. adsorption and proliferationon polymeric materials depends on surface characteristics such as wettability, hydrophilicity/hydrophobicity, chemistry, surface charge/charge distribution or rigidity and roughness. Many surface modifications are used to optimize the desired biocompatibility of prepared scaffolds (Hejcl et al. 2013, Elbert and Hubbell 1996) .
Surface properties
The surface of the scaffold is the primary site of interaction with surrounding cells and tissue. The surface includes both chemical and topographical characteristics. Scaffolds with a large and accessible surface area are favorable. The surface properties can be selectively modified to optimize and increase material for hosting the cells. The surface can be functionalized using biological or chemical factors. It can increase multifunctionality and mechanical properties but mainly biocompatibility; therefore, cells can specifically recognize scaffolds or increase proliferation, ingrowth or differentiation. Mechanically, scaffolds can be optimized by, for example, natural fibrils. Modification using adhesive proteins such as collagen, fibronectin, RGD peptide,
Polymeric materials
Among the synthetic polymers, PCL, poly (L-lactic acid) (PLLA), PLGA or PGA are currently the most popular for the creation of 3D scaffolds (Stratton et al. 2016 , Kim et al. 2011 .
Polycaprolactone
Polycaprolactone (PCL) is a bioresorbable polyester material, first synthesized in the 1930s. PCL is semicrystalline polyester. It is considered to be both a soft and hard tissue compatible material (Malikmammadov et al. 2018) . PCL is elastic in comparison to other polyesters, and it is used in various forms such as films, fibers or microparticles. It has a relatively slow degradation rate (2-4 years). PCL is degraded under physiological conditions by the hydrolysis of its ester linkages (Shimao 2001). It has strong solubility and blend compatibility with other biomaterials (Okada 2002). Several copolymers have been investigated for their potential to control the degradation of PCL, e.g. PLLA and poly-(N-2-(hydroxypropyl) methacrylamid) HPMA. The degradation periods of PCL copolymers with other rapidly degraded materials can vary from months to years (Hyun et al. 2006) . PCL also has poor cellular adhesion properties on its own, without some form of functionalization. Approaches to improving its bioactivity include copolymerization, surface functionalization, or blend formations (Yoo et al. 2009 , Ghasemi-Mobarakeh et al. 2010 . Porous PCL scaffolds have been demonstrated to maintain the native phenotypes as chondrocytes within cartilage tissue (Stratton et al. 2016 , Calikoglu Koyuncu et al. 2015 . This finding demonstrated the applicability of porous PCL scaffolds for tissue engineering and their ability to mimic the native tissue environment and capacity for the functionalization of PCL scaffolds for better bioactivity.
Poly (L-lactic acid)
Poly (L-lactic acid) (PLLA) is a synthetic biodegradable polyester formed from the polymerization of L-lactide. PLLA belongs to group of saturated poly-a-hydroxy esters. PLLA is one of the three found forms of PLA, the two others are poly (D-lactic acid) and poly (DL-lactic acid). PLLA has a wide variety of applications e.g. prosthetics, vascular grafts, skin regeneration scaffolds or bone screws (Stratton et al. 2016) . PLLA degrades into nontoxic by-products and can easily be combined with other materials. However, PLLA has a faster degradation rate in comparison with PCL, and it still has a relatively low degradation rate in comparison with the rates of other materials for tissue engineering. The degradation products of PLLA show high crystallinity, which can lead to lower biocompatibility. To resolve this issue the PLA can be fabricated as a combination of L-lactic acid and D-lactic acid, which degrade more rapidly, lack the high crystallinity and shows greater biocompatibility (Fukushima and Kimura 2008). There are a few PLLA materials that are already FDA approved, e.g. injectable Sulptura TM, which is currently used to treat facial atrophy (Attenello and Maas 2015).
Poly(DL lactic acid-co-glycolic acid)
Poly (DL lactic acid-co-glycolic acid) (PLGA) is the copolymer of lactic and glycolic acids. PLGA is among the most widely used synthetic polyesters for scaffold formation in tissue engineering applications (Li et al. 2002 , Stratton et al. 2016 . The major advantages of PLGA are biodegradability, adaptability and customization of different types of formulations or surface modifications. PLGA has improved polymer biochemical properties such as faster and more controllable biodegradation rate compared to pure monomers. Increasing ratio of PGA can influence the rapidity of PLGA degradation. PLGA can be dissolved in a wider spectrum of common solvents in comparison with PLA or PGA. The solubility increase with higher ratio of PLA. The majority of PLGAs are amorphous rather than crystalline, which allows easier access to water and therefore faster degradation. PLGA scaffolds are degraded under normal physiological conditions, with degradation rates that vary depending on the copolymers and produced monomers -lactic acid and glycolic acid, which are nontoxic natural by-products of metabolic pathways. The local environment factors also play important roles in the degradation process. One major limitation in its bioactivity is its acidity towards the degradation products; this acidity can, in large quantities, be difficult for rapid metabolization by the body. To resolve this issue the scaffolds can be fabricated with greater amount of PGA in the scaffold material, which leads to a slower degradation rate and less acidic by-products. PLGA is an FDA approved, commercially available material; one example is Osteofoam TM for bone regeneration (Ishaug et al. 1997) .
Polyethylene glycol-based polymers
Polyethylene glycol-based polymers (PEG) also known as poly (ethylene oxide) (PEO) is a non-ionic, biocompatible material with optimal physicochemical and biological properties in view of biomedical applications. PEG is minimally immunogenic after implantation. PEG is mainly used in the form of hydrogels for scaffold preparations. Hydrophilic PEG hydrogel scaffolds can be produced through a variety of cross linking methods (Zhu and Marchant 2011) . The selected crosslinking process can influence the physicochemical properties of scaffolds, such as permeability, molecular diffusion, elasticity, modulus or degradation rate. Chemical modification of PEG scaffolds can lead to better biological properties. PEG-PPG block copolymers are FDA approved and serve as injectable scaffolds e.g. Poloxamers TM (Lee et al. 2003) .
Other synthetic biomaterials
Poly (ethylene terephthalate) (PET) is a thermoplastic polymer made by polycondensation of ethylene glycol with either terephthalic acid or dimethyl terephthalate. PET are frequently found in medical applications, due to their unique chemical and physical properties. PET was first commercialized by DuPont in 1930 as Dacron. The physical properties of PET are largely determined by the degree of crystallinity. PET are successfully used in pathology of large diameter arteries and combination with other materials e.g. gelatine for increase treatment of small diameter blood vessels (Puskas and Chen 2004, Ma et al. 2005) .
Poly (propylene fumarate) (PPF) is used to increase the hydrophobicity of PLA, PGA or PCLIt is a linear polyester, which has repeating units containing ester bonds. The hydrolysis of the ester bonds allows PPF to degrade. PPF is clearly modified by PCL or PEG to develop PCL fumarate and PEG fumarate. These polymers have been studied as injectable scaffolds (Tan and Marra 2010) .
Poly vinyl alcohol (PVA) is a highly hydrated, water soluble synthetic polymer, which forms crystallizing hydrogels. PVA hydrogels show a reduced protein-binding tendency, relatively higher elasticity and water content. FDA has approved PVA to be in close contact with food products. In medical devices, PVA is used as a biomaterial due to its biocompatible, nontoxic, noncarcinogenic, swelling properties, and bioadhesive characteristics. Some of the most common medical uses of PVA are in soft contact lenses, eye drops, embolization particles, tissue adhesion barriers, and as artificial cartilage and meniscus. (Baker et al. 2012) . PVA hydrogels have been also evaluated in combination with alginate as a scaffold for tissue engineering (Liu et al. 2017 , Stratton et al. 2016 .
Poly (amino-amine) (PAA) is a family of synthetic, branched, spherical polymers. PAA is highly versatile due to the presence of side groups that can be substituted for functional end groups e.g. -NH2, -COOH or -OH to modify the polymer biocharacteristics. PAA are highly hydrophilic and are able to degrade in waterbased solutions to nontoxic by-products.
Polyurethans (PU) are elastic materials, and their desirable properties include durability, fatigue resistance, non-immunogenicity and good tolerance during healing process. For these properties, PU are used for development of bio-or blood compatible materials (Petrović and Ferguson 1991) . PU are used in combination with other materials for supporting cell attachment, proliferation and healing. One of their disadvantages is limited stability in vivo, which can be overcome by functionalization (Jóźwiak et al. 2008) .
Poly (2-hydroxyethyl methacrylate and 2-hydroxyethyl methacrylate-co-methyl methacrylate) (PHEMA/PHEMA-MMA)-based polymer hydrogel scaffolds have the disadvantage of being nonbiodegradable (Tsai et al. 2006 ). Nevertheless, this property allows them high stability upon implantation. In addition, these are biocompatible hydrogels, with the capacity of swelling in water and retaining significant amounts of water without dissolving. PHEMA polymers are the most actively researched non-degradable materials used for nerve guidance channels (Dalton et al. 2002 , Straley et al. 2010 ) because they possess soft, tuneable mechanical properties and easy formation of tubular shapes with controlled dimensions, morphology, and permeability (Dalton et al. 2002) .
Poly (N-2-(hydroxypropyl) methacrylamide) (PHPMA) hydrogels were first described by Woerly and colleagues (Woerly et al. 1998) . The porous structure of PHPMA allows the transport of both small and large molecules, as well as the migration of cells and blood vessels (Woerly et al. 1999 ). This type of hydrogel also S340 Janoušková Vol. 67 presents viscoelastic properties similar to the neural tissue and shows permisivity to the growth of a reparative tissue composed of glial cells, blood vessels, axons, and dendrites (Woerly et al. 1999 ).
Type of scaffold structure

Nanofibers
Nanofibers are widely used due to their properties to mimic the architecture of natural human tissue at the nanometer scale. Nanofibers are usually fabricated using electrospinning (Nayak et al. 2012) . The nanofibers support cell adhesion efficiently due to the higher surface-to-volume ratio, and microporous structures efficiently support the cell adhesion, proliferation, migration and differentiation and have greater mechanical strength than fibers (Subbiah et al. 2005) . They have been prepared from synthetic and natural materials. Fibers can be oriented randomly or aligned. The major differences between them are the mechanical properties, mainly altered stiffness and resistance in all directions to mechanical testing for random fibers in contrast to aligned fibers, which have strong mechanical properties in the one direction. Thus, aligned nanofibers are more often fabricated for tendon or ligament regeneration, peripheral nerve regeneration or skeletal muscle application, but random nanofibers are therefore useful for skin and cartilage regeneration applications. Aligned nanofibers can be used to specify the direction of tissue growth. The PLA, PU, PCL, PLGA, PLLA or PLLA-PCL is often used for fibrous scaffold fabrication. Examples of PLLA nanofibers are shown in Figure 1 . The PLLA nanofibers preparation by electrospinning and isolation of pig retina epithelial cells (RPE) for the seeding of the nanofibers was previously describe by Popelka et al. (2015) The nanofibers was used for the cultivation of RPE cells. The cells were visualized by light microscopy after 72 h of incubation (unpublished data). Most of the polymer nanofibers must be specifically functionalized for successful applications. The easiest modification methods are physical blending and coating. Surface grafting polymerization has also been used for attaching ligand molecules and adhesive proteins on nanofiber surface. The properties of nanofibers have been used for neurite development of dorsal root ganglia explants, which were seeded onto uniformly aligned electrospun PLA nanofibers (Corey et al. 2007) . Other examples are the PVA random fibrous scaffolds with chondroitin sulphate, which have been shown to enhance mesenchymal stem cell chondrogenic differentiation in vitro and enhance the reparation of cartilage injury in vivo (Coburn et al. 2012 ). 
Hydrogels
Hydrogels are water-absorbing hydrophilic and highly flexible polymeric materials. They are favorable for promoting cell migration, angiogenesis, high water content, and rapid nutrient diffusion. The gels are formed when the network is covalently crosslinked. The criteria for hydrogel scaffolds are similar to other types of scaffolds designed for tissue engineering. They have to keep appropriate physicochemical parameters such as degradation and mechanics or biological parameters such as cell adhesion. The degradation rates of tissue scaffolds should be matched to the rate of various cellular processes to optimize tissue regeneration. Major advantages of hydrogels in view of tissue engineering include structural similarities to native ECM and a potential for drug or growth factor delivery (Assunção-Silva et al. 2015 , Jin and Dijkstra 2010 , Sirc et al. 2015 . Some disadvantages of hydrogels are relative mechanical weaknesses due to their water content, which could be up to 90 %, and inefficient attachment of cells without further modifications (Hoffman 2012). A wide spectrum of synthetic materials can be used for hydrogels fabrication e.g. PLA, PPF-derived copolymers, PEG-derivatives, PAA, PEO, PVA, or HEMA, HPMA, and various polypeptides (Lee and Mooney 2001). Figure 2 shows laser scanning confocal microscopy (LSCM) of PHPMA-based hydrogels. Their preparation was described by Hejcl et al. (2013) . Rat mesenchymal stem cells (rMSC) were seeded on the hydrogels and cultivated for five days. Then the cells were visualized by nuclei labeling using Hoechst 33342. Hydrogel was visualized by experimentally determine labeling with CellMask™ Green Plasma Membrane Stain. (unpublished data) Hydrogels can be functionalized with various peptide sequences to increase cell attachment, growth and differentiation e.g. using RGDS such as peptides (Bracher et al. 2013 , Hejcl et al. 2013 , Golunova et al. 2015 or growth factors for drug delivery applications (Guadalupe et al. 2015) . Hydrogels are currently studied for their use in cartilage wound healing, neuronal tissue regeneration or replacement of connective tissues (Dhandayuthapani et al. 2011 ). 
3D-printed structure
Currently, 3D printing is increasing the applications of tissue engineering. Biocompatible materials could be printed as 3D scaffolds using various algorithms (Rengier et al. 2010 ) with possibilities to set up ranges from millimeters to the nanoscale. Threedimensional printing offers advantages over traditional techniques such as porogen leaching or enhanced productivity. Some drawbacks of cell viability are coupled with this methodology. One of the problems is achieving biologically relevant cellular densities due to the necessity of the transformation of biological material into liquid form for the printing. It is applied to both hard and soft tissue engineering. The 3D printing was used to fabricate and transplant soft tissue, e.g. multilayered skin, vascular grafts, tracheal splints, heart tissue or cartilage structures (Murphy and Atala 2014, Jakus et al. 2016) .
Microparticles
Although microparticles have been initially developed as a carrier for drug encapsulation (Berkland et al. 2004) , their unique properties are utilized for the delivery of growth factors in a controlled fashion in TE applications (Brannon-Peppas 1995) . Microparticle scaffolds offer several benefits, including easy fabrication, control over morphology and versatility in terms of controlling the release of encapsulated factors. They can be embedded into 3D scaffolds, and they have S342 Janoušková Vol. 67 been shown to cumulatively release growth factors or drugs (Hu et al. 2001) . They have also been used as injectable scaffolds. The applications are demonstrated mostly in bone tissue regeneration. PLGA microsphere scaffolds demonstrated the potential of the porous microsphere matrix to be used as a scaffold for bone tissue engineering (Borden et al. 2002) . Recently, the use of lovastatin -PU particle scaffolds has been demonstrated, being able to release lovastatin and enhance bone regeneration defects in rats (Yoshii et al. 2014 ).
Examples of synthetic scaffolds applications
Nerve regeneration
Nerve regenerative applications have to address the difference between the central nervous system (CNS) and the peripheral nervous system (PNS) (Horner and Gage 2000, Scheib and Höke 2013). The CNS consists of the brain and spinal cord, and the PNS consists of the ganglia and nervous tissue outside of the CNS. Serious problems for the evaluation of new materials are missing in in vivo models because the nerve axons in mice, the most prevalently used animals for in vivo testing, are smaller and shorter; accordingly, the natures of atrophy and damage recovery behave differently in mice compared to humans. Thus, rats and larger animals have to be used for these purposes to evaluate the efficacy of the materials for TE in vivo. In view of the regeneration of the PNS, Schwan cells are mostly studied for this application. They provide structural support and participate in the myelination of axons. The 3D scaffolds have to serve as structural support for axons via Schwann cells and promote myelination and outgrowth of neuronal cells. For these purposes, the nanofibers are largely applicable, mainly when they are designed to guide the axonal outgrowth of neurits. Of major importance to nerve regeneration are nerve guidance conduits, which are important in directing the growth of axons from one proximal nerve end and helping to reduce inhibitory scar tissue at the site of injury, as well as in secreting growth factors that can support regeneration (Anderson et al. 2015) .
There are variety of different biomaterials approved for clinical use to guide artificial nerve conduits, such as PGA, poly-DL-lactide-co-caprolactone (PLCL), and PVA. Many factors influence the choice of materials, as the degradation rate, swelling, biocompatibility, and possibility of the incorporation of proteins or neurotrophic factors in the ECM can increase the adhesion and growth potential of cells (Nectow et al. 2012) . One of the most successful materials for nerve regeneration has been observed in PGA (Schlosshauer et al. 2006) . PCL nanofibers were also experimentally studied. These nanofibers were able to allow the growth of neurites when pre-seeded with Schwan cells and moderately recover the functionality of a 14 mm rat sciatic nerve injury model in vivo (Xie et al. 2014) . The combination of synthetic nanofibers or other type of scaffolds, such as hydrogels with natural proteins including fibroin, elastin or laminin, has been shown to significantly increase the extension of nerite or Schwann cells in vitro, stimulate the outgrowth of nerve axons and improve nerve functional recovery (Sedaghati et al. 2011 , de Luca et al. 2014 . Hydrogels have also been studied as scaffolds for nervous system regeneration. The main advantages of hydrogels are stiffness, tuning of pore size, swelling, the possibility to functionalize the synthetic materials with growth factors, adhesion molecules and factors that inhibit the development of scar tissue at the site of an injury. The natural and synthetic polymers in the form of injectable hydrogels were used to study spinal cord injury, regeneration of the CNS and peripheral nerve regeneration (Pakulska et al. 2012) . The hydrogels based on PEG, PHPMA, PHEMA are also studied in combination with stem cells to regenerate axonal growth (Assunção-Silva et al. 2015) . The softer hydrogels as material for culturing neural stem cells have been reported to allow for differentiation into astrocytes and neurons, while stiffer hydrogels tends to allow for differentiation into oligodendrocytes (Leipzig and Shoichet 2009).
Muscle regeneration
Muscle regeneration presents a very difficult challenge for TE due to the requirements for scaffold properties, which have to keep structural integrity together with contractility and force regeneration. Between the three types of muscle tissue -cardiac, smooth and skeletal -the cardiac muscle regeneration is of particular importance due to limited regeneration capabilities in mammals. Cardiomyocytes play a major role in the regeneration of cardiac muscle. They are capable of differentiating into basic structures for cardiac tissues. For this purpose, the lot of natural polymers and also PGA were evaluated (Masuda et al. 2008, Kaiser and Coulombe 2015) . Modification of the scaffolds using RGD peptide can enhance cellular adhesion and accelerate tissue regeneration. The functionalization of cellular adhesion molecules with vitronectin and fibronectin serves similarly to RGD peptides (Nikolovski and Mooney 2000) . Scaffolds made from the nanofibers of PCL and collagen have been evaluated for smooth muscle tissue engineering. The growth of cells were directed by nanofiber orientation, and the cells were able to maintain a typical phenotype shape (Venugopal et al. 2005) . Skeletal muscle has a massive capacity for regeneration without external intervention. Muscle tissue is constantly being destroyed, repaired and remodelled. Although in the case of very hard injury, the regeneration capacity could be limited or lost. In the regeneration of skeletal muscle, the satellite cells play an important role in migration to the site of injury, proliferate and restore functional properties. Popular biomaterials as scaffolds for the regeneration of skeletal muscle tissue are hydrogels or fibrous meshes. In the development of regenerative methods based on various scaffolds for muscle tissue engineering, electrical stimulation was shown to support better differentiation potential of muscle precursor cells (Serena et al. 2008) .
Tendon and ligament regeneration
Tendon and ligament injuries are quite common injuries of connective tissue. Surgical repair is the most commonly used method but often leads to degeneration of the frayed tissue (Jennings and Sefton 2002). Tendons do not naturally regenerate very well after even minor injuries. Hence, 3D scaffolds are of major importance for regeneration purposes. The 3D scaffolds must provide a suitable bio-environment and adequate mechanical properties such as elastic modulus, toughness and ultimate strength. The natural grafts often fail to bring back the mechanical and structural properties of the original tissue. The ECM of tendons is mostly composed of collagen type I, and it is a relatively complex environment that is difficult to replicate. The synthetic materials offer a better performance in creating a suitable mechanical environment, e.g. PU/PET fibers obtained the adequate mechanical properties to alternate tendons and ligaments (De Santis et al. 2004) . The other examples are PLGA/silk scaffolds, which demonstrate strong mechanical properties. PLGA fibers were used to release the bFGF, and microfibrous silk was used as reinforcement. After this scaffolds application, the increased gene expression of ligament and tendon ECM proteins have also been shown. The collagen production was increased (Sahoo et al. 2010) . It was also demonstrated that PLGA, as a support for bone marrow stromal cells, stimulates the expression of collagen type I and helps to repair the in vivo defects in the Achilles tendon of rabbits (Yang et al. 2013) . The major attention in ligament TE is given to the anterior cruciate ligament (ACL), which stabilizes the knee, because of its poor healing capabilities. For the reconstitution of ACL, the PLLA combined with silk fibers has been tested to mimic the natural mechanical properties and to deliver growth factors (Nau and Teuschl 2015) . The mechanically strong PLLA nanofibers combined with flexible PCL nanofibers have also been tested for ACL regeneration. This material was able to release growth factors and support the proliferation of human mesenchymal stem cells (hMSC), and regenerative tissues express critical ligament markers (Laurilliard et al. 2015) .
Cartilage regeneration
Cartilage tissue is often harmed in everyday life and cannot be completely self-healed. The evaluated materials have to meet the necessary critical requirements of mechanical strength and structural resilience. Polymer scaffolds used for cartilage regeneration tend to be fabricated from flexible biomaterials that can hold compression together with a supporting environment for chondrocytes. The most popular are natural scaffolds composed from collagen or hyaluronic acid seeded with autologous chondrocytes to treat the cartilage defects (Kim et al. 2011) . PGA, PLLA and PLGA have been evaluated in vitro and in vivo for cartilage tissue regeneration (Moran et al. 2003 , El Sayed et al. 2013 , Sato et al. 2004 ). Among many studies, very promising results have been observed by Agrawal et al. (Agrawal et al. 2013) . They design elastomeric fiber-reinforced hydrogel composites to achieve a cartilage-like structure by impregnating elastic PU fibers that had been arranged into hydrogels from PEG diglycidyl ether. They showed that the fibers could provide the strength and elasticity of the scaffold to closely mimic natural cartilage tissues. In addition, resorbable PGA fibers reinforced with PLGA scaffolds have been shown to possess optimal mechanical strength, improve pore size and morphology and be suitable for the proliferation of chondrocytes (Pei et al. 2017) . Scaffolds made from a copolymer of PGA/PLA and polydioxanone were evaluated for the treatment of post-traumatic and degenerative cartilage defects in a group of 40 patients over 2 years. This treatment seems to be an effective option for the regeneration of many types of defects of the knee (Ossendorf et al. 2007 ).
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Conclusions
In summary, TE is a progressively developed interdisciplinary field that addresses the challenges in soft tissue repair, namely, of the reparation and regeneration of particular types of tissue after damages that are not possible to treat using classical medical approaches. Rising interest in the synthetic materials are mainly due to the development of new fabrication technologies, advanced architecture or combining various materials to produce polymeric scaffolds that meet certain design parameters to be useful for mimicking ECM in appropriate tissues. The essential factors that point out the progress in the field of soft TE include increases in the understanding of chemical and biological factors, which influence the attachment, growth or differentiation of appropriate cells and allow successful tissue reconstitution. The increasing knowledge of the tissue necessities and appropriate cell behaviour is extremely favorable. Although the numbers of polymeric scaffolds are under intensive research and many of them are commercially available and clinically applicable, the successful transition of regenerative medicine through TE technologies will require collaboration among material, pharmaceutical, biological and clinical experts.
